The interactions between hum an haptoglobin, Hp II (genetic types 2 -1 and 2 -2 ), and bovine hemoglobin, Hb, were investigated taking inhibition of complex form ation and complex dissociation in various solvent m edia as criteria.
Bidistilled water was used throughout.
Peroxidase activity: Relative peroxidase activity of the Hb-Hp complex in various solvent media was deter mined according to C o n n e l l and S m i t h i e s 16. In a first series of experiments Hb was added to the preincubated mixture of Hp, guaiacol reagent and solvent; in a second one the preformed complex Hb-Hp was added. In both cases water was used to provide a constant volume. After addition of 1% aqueous H20 2 the time dependent change of the absorbancy at 470 mju was recorded in a time range between 15 and 40 seconds using an Optica (Milano) CF-4R recording spectro photometer. The initial slope provides a measure of the relative peroxidase activity.
Gel chromatography: Sephadex G 150 (Pharmacia, were corrected by the L o r e n t z term (n-w + 2 ) n (n2s + 2) applying an Abbe refractometer (Zeiss). C hemical modification: Histidyl residues were m odi-x °( fied using diazonium-l-//-tetrazole (DHT, Schudiardt, München). The reagent was prepared according to H o r i n i s h i et a l.17; distilled water was added to the solution to give a final volume of 50 ml.
Tyrosyl residues were acetylated using iV-acetylimidazole 18 (NAI, EGA-Chemie, Steinheim). The reaction was carried out for 1 hr at room temperature with an 80 fold molar excess of the reagent.
properties of the solvent ( + SDS, urea, guanidine •HC1). The relative peroxidase activity was taken as a measure of complex formation, comparing the primary, inhibitory eßect on the formation of the Hb-Hp complex to the secondary, dissociating effect of the various solvents on the preformed Hb-Hp complex 19. Except the case of formaldehyde where both cur ves show identical profiles (Fig. 1 ) , the two effects differ from each other in a characteristic manner.
R esults

Peroxidase activity of Hb-Hp in various solvent media
In order to estimate the weight of the different types of intermolecular forces in the Hb-Hp inter action the properties of the Hb-Hp complex were studied in different solvent media, varying ionic strength ( + N a C l or g lycin e), dielectric constant e ( + dioxane, glycine etc.), H-bond capacity ( + urea, guanidine -HC1, formaldehyde) and the solubilizing 18 J.F . R i o r d a n , W. E. C. W a c k e r , and B. L. V a l l e e , Bio chemistry 4,1758 [1965] . 19 R . J a e n i c k e , J . Polym er Sei., P a rt C, No. 16, 2143 No. 16, [1967 .
vents show the opposite effect, the preformed com plex exhibiting higher relative peroxidase activity than the mixture Hb plus Hp under identical con ditions.
It cannot be decided from these experiments whether the change of peroxidase activity is due to solvent effects on the conformation of the com plex, or to a shift of the equilibrium of complex formation Rb + Hp ^ Hb -Hp .
Therefore, the stability of the complex in the d if ferent solvents was investigated by optical rotation and by gel chromatography using Sephadex G 150 equilibrated with the respective solvents. the structure of the complex and its constituents is modified drastically (c. f. ORD data in Table 1 ). On the other hand, 2 M NaCl or glycine, 1 0~4 M SDS (and 1.5 M formaldehyde) do not show measurable effects of the optical rotation of the complex. There fore, the discussion of the interactions stabilizing the complex may be based on these solvent media.
With respect to ion-pairs, which are suggested by the dissociation of the complex under conditions of high electrolyte concentrations, the stability of the complex in the pH-range 4 .5 < pH < 9 points to carboxyl-, histidyl-, and lysyl-residues24. A s shown by A n t o n i n i et al. 25 and K i r s h n e r and T a n f o r d 26, bovine Hb dissociates into half-molecules with in creasing NaCl concentration, the product being the a/?-dimer. There is clear evidence from titration ex periments of Hp with small amounts of Hb ( P a v l i -£ e k and J a e n i c k e , in preparation) that this dis sociation in itself does not interfere with complex formation nor peroxidase activity. On the contrary, fluorescence stu d ies27, and calorim etry21 suggest the a/?-dimer to represent the unit of maximum reactivity in the form ation of the Hb-Hp complex. Therefore, the decrease of peroxidase activity at high levels of NaCl or glycine must be due to a shift of the equilibrium towards com plex dissocia tion, which is confirmed by gel chromatography (Table 1 ) Interpreting the dissociation at high salt concentra tion on the basis of counter-ions screening Hb . . Hp ion-pairs, the effect of glycine can only be under stood assuming the decrease of the Coulombic pot ential at high dielectric constant e to be less im portant as compared to the increase of ionization, determining the number of interacting ion-pairs 28.
24 C. T a n f o r d , Adv. Protein Chem. 17, 69, 112 [1962] . 23 E. A n t o n i n i , J. W y m a n , E. B u c c i , C. F r o n t i c e l l i , and A. R o s s i -F a n e l l i , J. m olecular Biol. 4. 368 [1962] . 
This assumption fits the observation that glycine under various conditions is known to inhibit sub unit dissociation 29, 30.
On the other hand, the stabilization of the com plex upon solvent-Hp interaction (c. f. the inversion of the profiles of complex + solvent and solvent + Hp + Hb in Fig. 1 ) suggests specific interactions (ionbinding) to play a role in this case. This is in con trast to the other media, which evidently prove the complex to be more stable towards deactivation (dis sociation) than its constituents (Fig. 1 ) .
The hydrogen-bond as an alternative possibility differs from ion-pairs only in a formal way as long as no precise atomic distances are known. Depend ing on the more or less polar environment of the dissociable sidechains, the interacting groups repre sent more or less polarized m esomeric states. For the carboxyl-amino interactions, as an example, this is illustrated by the follow ing scheme:
increasing -> ■ polarity of the environm ent Any change of the structure of the aqueous medium leads to changes in the net bond energy; this way the additives used in the dissociation experiments cause alterations in the protein interactions which in general favour the dissociation of the complex 31.
At the present stage no clear-cut conclusion in terms of specific intermolecular forces can be drawn on this basis. On the other hand, preferential bind ing of solvent components has to be considered too, which may compete with the constituents of the complex for specific sites responsible for complex formation. For example, formaldehyde reacts with the uncharged amino and imino group, but not with tyrosyl groups or the amide linkage of the peptide chain32; similarly the SDS-anion under the given experimental conditions most likely reacts with lysyl-and histidyl-residues of Hb and Hp, so that, considering both additives, the stabilization of the Hb-Hp complex seems to depend on amino-and imidazole groups in their dissociated or undisso ciated form. 
